Proton nuclear magnetic resonance studies on glutamine-binding protein from Escherichia coli. Formation of intermolecular and intramolecular hydrogen bonds upon ligand binding.
Proton nuclear magnetic resonance studies have revealed several structural and dynamic properties of the glutamine-binding protein of Escherichia coli. When this protein binds L-glutamine, six low-field, exchangeable proton resonances appear in the region from +5.5 to +10 parts per million downfield from water (or +10.2 to +14.7 parts per million downfield from the methyl proton resonance of 2,2-dimethyl-2-silapentane-5-sulfonate). This suggests that the binding of L-glutamine induces specific conformational changes in the protein molecule, involving the formation of intermolecular and intramolecular hydrogen bonds between the glutamine-binding protein and L-glutamine, and within the protein molecule. The oxygen atom of the gamma-carbonyl group of L-glutamine is likely to be involved in the formation of an intermolecular hydrogen bond between the ligand and the binding protein. We have shown that at least one phenylalanine and one methyl-containing residue are spatially close to this intermolecular hydrogen-bonded proton. The intermolecular and intramolecular hydrogen-bonded protons of the ligand-protein complex undergo solvent exchange. The local conformations around these intermolecular and intramolecular hydrogen bonds are quite stable when subjected to pH and temperature variations. From these results, the utility of proton nuclear magnetic resonance spectroscopy for investigating such binding proteins has been shown, and a picture of the ligand-binding process can be drawn.